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Abstract- The in-plane distortions such as transverse 
shrinkages and longitudinal shrinkages induce residual 
stress in the welded joints which is undesirable as it 
reduces the strength of the welded structure. The 
problems of distortions in welded joints are of major 
concern in structures and the shipbuilding industry and 
in other similar manufacturing industries. The 
predictions of the degree of shrinkages in ship panels due 
to welding are of great importance from the point of view 
of dimensional control and it is important to analyze 
transverse shrinkages and longitudinal shrinkages. In 
this investigation, the experimental analysis of transverse 
shrinkages and longitudinal shrinkages bevel-groove butt 
welded joints in CO2 Arc Welding process by bevel angle 
and keeping process parameters constant. It was found 
that, the transverse and longitudinal shrinkages increase 
with increase in the bevel angle. There is a significant 
increase in the transverse shrinkage and small variation 
in longitudinal shrinkage. 
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I. INTRODUCTION 
Welding is one of the most important and versatile means 
of fabrication available to industry. Welding in general is 
used extensively in the fabrication of many structures, 
including ships, airplanes, buildings, pressure vessels etc., 
[1] The weld joint design is performed for an assembly that 
will perform its intended functions, required for reliability 
and safety, capable of fabricated with respect to distortion 
[2]. 
 
Several investigators have worked on welding distortion 
and have suggested different methodologies to estimate 
these shrinkages. An analytical model to predict the 
transverse shrinkage has been presented by Gupta [3]. The 
effect of the physical and mechanical properties of metals 
on distortion has been reported [4]. Pavlovsky.V.I and 
Masubuchi.K [5] have studied on the effect of welding 
parameters, welding procedures and some of the design 
and assembly parameters on transverse and longitudinal 
shrinkages. 
 
Mandal et al. [6] dealt with the theoretical analysis of 
transverse shrinkage in a welded butt joint. Masubuchi has 
dealt with various types and causes of welding distortions. 
Various empirical relations have been presented for 
estimating different types of welding distortions [7, 8]. 
Apart from these empirical means, various other 
methodologies based mainly on the finite element method 
have been used by investigators to predict welding 
distortions [9, 10]. The computational requirements of 
these numerical methods for thermo-elastic-plastic analysis 
make the solutions very expensive. In this work, a 
simplified approach based on a logical sequence of 
thermally induced distortions has been suggested for 
estimation of transverse shrinkage of welded steel panels. 
A mathematical model for predicting transverse shrinkage 
due to welding has been developed by assuming near and 
tar field zones [11]. The near field has been assumed to 
extend from the weld line to a distance where the peak 
temperature attained, and the rest of the plate is considered 
to comprise the far field. The plastic deformations are 
expected to occur only in the near field, whereas the far 
field behaves elastically throughout the heating and 
cooling cycles. The temperature field associated with the 
moving welding arc has been solved by assuming a quasi-
stationary state [12] and using a temperature-dependent 
specific heat and the thermal conductivity [13]. The 
residual shrinkage considering a temperature-dependent 
coefficient of thermal expansion [14] has been calculated 
by subdividing the near field into finite strips [15]. 
 
The research has been done on the influence of groove 
angle in V-Groove butt joints and throat thickness on 
transverse and longitudinal shrinkages with constant heat 
input using submerged arc welding [16, 17]. But no 
researchers have been carried out on the influence of bevel 
angle on bevel groove butt joints in CO2 Arc Welding 
process. 
 
In this context, in the present investigation, attempts have 
been made to study the influence of bevel angle in bevel-
groove butt joints on transverse and longitudinal 
shrinkages and analyzing these shrinkages. In this 
investigation, experiments were conducted on different 
specimens by varying bevel angle for different root 
openings and different diameter of electrode wire in a 
bevel-groove butt welded joints with other process 
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parameters constant. The variations of transverse shrinkage 
and longitudinal shrinkages with bevel angle in bevel-
groove butt welded joints for different root openings have 
been studied. 
 
II. MATERIALS AND EQUIPMENTS USED 
The commercially available mild steel is used as the base 
plate in the experimental work. CO2 Arc Welding 
equipment has been used in the fabrication of specimens. 
The specimens were fabricated using CO2 arc welding 
process by considering parameter on edge preparations 
such as bevel angle and root opening and different 
electrode wire diameters. The electrode wire diameters of 
0.8 mm and 1.2 mm were used. The Single and double V-
groove butt joints with varying bevel angle for different 
root opening were prepared in single pass by using CO2 arc 
welding process. The size of welded plates used were 250 
x 250 x 8 in mm (length x 2width x thickness).  
 
III. PREPARATION OF SPECIMENS 
The specimens were prepared using CO2 arc welding 
process by considering different edge preparations as given 
in the table 1. The throat thickness of 4 mm was used in the 
bevel-groove butt joints. The plates were tack welded 
initially using manual arc welding at the two ends of the 
specimen to restrain the movement of plates during 
welding. The tack welded specimens were measured for 
checking initial evenness. Then specimens were welded in 
single pass using CO2 arc welding process. The process 
parameters used were 100 Amp current, 22V voltage, 6 
m/min wire feed rate and 6 mm electrode extension were 
used in the welding process to prepare welded joints. 
 
IV. MEASUREMENT OF TRANSVERSE SHRINKAGE 
The transverse shrinkages were measured at different 
locations of the specimen. The values of transverse 
shrinkage was measured at different points along the weld 
line and longitudinal shrinkages were measured at different 
points along perpendicular to the weld line using digital 
vernier caliper and dial gauge before and after welding and 
maximum values were used in the investigation. 
Shrinkages were measured as the difference of the values 
before and after welding. The effect of angular distortion 
on shrinkages was taken into account during calculation of 
transverse shrinkages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TABLE-I. EDGE PREPARATIONS IN THE BEVEL-GROOVE BUTT 
WELDED JOINTS FOR 0 MM, 1 MM AND 2MM ROOT OPENING. 
 
Bevel-groove butt joints 
Root opening,  
mm 
Bevel angle, 
degrees 
0 0 
0 15 
0 22.5 
0 30 
1 0 
1 15 
1 22.5 
1 30 
2 0 
2 15 
2 22.5 
2 30 
 
V. RESULTS AND DISCUSSIONS 
The variation of transverse shrinkage with bevel angle for 
zero, 1 mm and 2 mm root opening and for 0.8 mm 
electrode diameter in bevel groove butt welded joints is as 
shown in the figure-1. Transverse shrinkage increases with 
increase in bevel angle. The increase may be due to the 
non-uniform rate of cooling. The contact area of weld 
metal with surrounding decreases with increase in the 
bevel angle which decreases the rate of cooling. 
 
 
 
Figure1. Variation of transverse shrinkage with bevel angle for different 
root opening for 0.8 mm electrode diameter in bevel groove butt welded 
joints. 
 
The variation of transverse shrinkage with bevel angle for 
zero, 1 mm and 2 mm root opening and for 1.2 mm 
electrode diameter in bevel groove butt welded joints is as 
shown in the figure-2. Transverse shrinkage increases with 
increase in bevel angle similar to 0.8 mm electrode 
diameter welded specimens. The increase may be due to 
the non-uniform rate of cooling. The contact area of weld 
metal with surrounding decreases with increase in the 
bevel angle which decreases the rate of cooling. 
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Figure2: Variation of transverse shrinkage with bevel angle for different 
root opening for 1.2 mm electrode diameter in bevel groove butt welded 
joints. 
 
The variation of longitudinal shrinkage with bevel angle 
for zero, 1 mm and 2 mm root opening and for 0.8 mm 
electrode diameter in bevel groove butt welded joints is as 
shown in the figure-3. Longitudinal shrinkage increases 
with increase in bevel angle. The increase may be due to 
the non-uniform rate of cooling. The contact area of weld 
metal with surrounding decreases with increase in the 
bevel angle which decreases the rate of cooling. The 
variation of longitudinal shrinkage is very small and less 
than transverse shrinkage. 
 
 
 
Figure3: Variation of longitudinal shrinkage with bevel angle for different 
root opening for 0.8 mm electrode diameter in bevel groove butt welded 
joints. 
 
The variation of longitudinal shrinkage with bevel angle 
for zero, 1 mm and 2 mm root opening and for 1.2 mm 
electrode diameter in bevel groove butt welded joints is as 
shown in the figure-4. Longitudinal shrinkage increases 
with increase in bevel angle similar to 0.8 mm electrode 
diameter welded specimens. The increase may be due to 
the non-uniform rate of cooling. The contact area of weld 
metal with surrounding decreases with increase in the 
bevel angle which decreases the rate of cooling. The 
variation of longitudinal shrinkage is very small and less 
than transverse shrinkage. 
 
 
 
Figure4: Variation of longitudinal shrinkage with bevel angle for different 
root opening for 1.2 mm electrode diameter in bevel groove butt welded 
joints. 
 
VI. CONCLUSIONS 
The results obtained by experimental investigation will be 
of great useful to the designers to account for the 
shrinkages taking place during fabrication for the 
prediction of the degree of shrinkages. The following are 
the main conclusions are drawn within the scope of the 
present investigation: 
The transverse shrinkage was increased with increase in 
the bevel angle in bevel-groove butt joints. And similar 
observations were found even for longitudinal shrinkage. 
The longitudinal shrinkage was found less than the traverse 
shrinkage. The variation of transverse shrinkage found 
significant but the variation of longitudinal shrinkage was 
small in bevel-groove butt joints. 
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